The Liver Imaging Reporting and Data System (LI-RADS) standardizes the interpretation, reporting, and data collection for imaging examinations in patients at risk for hepatocellular carcinoma (HCC). It assigns category codes reflecting relative probability of HCC to imaging-detected liver observations based on major and ancillary imaging features. LI-RADS also includes imaging features suggesting malignancy other than HCC. Supported and endorsed by the American College of Radiology (ACR), the system has been developed by a committee of radiologists, hepatologists, pathologists, surgeons, lexicon experts, and ACR staff, with input from the American Association for the Study of Liver Diseases and the Organ Procurement Transplantation Network/United Network for Organ Sharing. Development of LI-RADS has been based on literature review, expert opinion, rounds of testing and iteration, and feedback from users. This article summarizes and assesses the quality of evidence supporting each LI-RADS major feature for diagnosis of HCC, as well as of the LI-RADS imaging features suggesting malignancy other than HCC. Based on the evidence, recommendations are provided for or against their continued inclusion in LI-RADS. q RSNA, 2017
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REVIEW: LI-RADS Major Features for Hepatocellular Carcinoma Diagnosis
Tang et al selection of five major features was based on expert opinion, the literature review was performed to ensure that imaging-based diagnostic criteria were able to achieve near-100% specificity for the noninvasive diagnosis of HCC. This review focused on the evidence supporting the inclusion of imaging features and did not attempt to gather evidence on the composition of the LI-RADS diagnostic algorithm and probability of HCC for different combinations of criteria (other than the hallmark combination of APHE and washout appearance) in the LI-RADS diagnostic table.
Each subgroup was charged with developing key research questions and then critically reviewing the literature to answer research questions thematically related to its assigned topic.
Search Strategy
The PICO (patient population, intervention, comparison, and outcome) format frequently used in structured reviews does not lend itself well to studies of diagnostic performance. Rather than using PICO-style questions to guide the searches, therefore, the subgroups formulated free-form questions in advance with feedback from the other subgroups. A total of 10 questions were formulated under the framework and with the understanding that their answers would inform recommendations for removing or continuing to include the corresponding LI-RADS features. After the questions were formulated, each subgroup searched the PubMed develop a standardized Liver Imaging Reporting and Data System (LI-RADS) for interpretation, reporting, and data collection of imaging studies in patients at risk for developing HCC (1) . The committee was composed mainly of diagnostic radiologists, but also hepatologists, surgeons, pathologists, and interventional radiologists. In addition to establishing a standardized lexicon and comprehensive imaging algorithm with high specificity for HCC, the committee was motivated to maintain congruence with the HCC diagnostic imaging components of the American Association for the Study of Liver Diseases (AASLD) and the Organ Procurement and Transplantation Network/United Network for Organ Sharing (OPTN/ UNOS) systems (4, 11, 12) .
In this narrative review, we summarize and assess the quality of evidence supporting each LI-RADS major feature for diagnosis of HCC, as well as of the LI-RADS imaging features suggesting malignancy other than HCC. Based on the evidence, we provide recommendations for or against their continued inclusion in the LI-RADS version 2017 update. Since the focus is on major features, this review does not address the evidence related to ancillary features, including transitional phase or hepatobiliary phase hypointensity, which can only be seen with the use of hepatobiliary contrast agents.
Methods
This systematic review was developed by the LI-RADS Evidence Working Group. The study protocol was not registered. The topics for the review were chosen by members of the Working Group based on priorities identified by internal survey. The Working Group was divided into six subgroups, each comprising three or four members and each assigned to a different topic-either one of the five LI-RADS major features (arterial phase hyperenhancement [APHE], observation diameter, washout appearance, capsule appearance, threshold growth) or to the LI-RADS feature set suggesting non-HCC malignancy. While the Essentials n Arterial phase hyperenhancement (APHE) is a sensitive imaging feature for progressed hepatocellular carcinoma (HCC) in at-risk patients and, in combination with "washout," provides high specificity.
n Larger observation diameter is a predictor of malignancy and facilitates noninvasive imaging diagnosis of HCC in at-risk patients.
n Washout appearance, in combination with APHE, provides high positive predictive value for HCC in at-risk patients.
n Based on limited evidence, capsule appearance provides high specificity for HCC at-risk patients.
n Although prospectively validated estimates of diagnostic accuracy are lacking, indirect evidence and biologic plausibility indicate that growth is a feature of malignancy and helps to differentiate HCC from benign entities.
I maging plays a critical role in the management of hepatocellular carcinoma (HCC) in at-risk patients. In contrast to other cancers, imaging is frequently used to establish the diagnosis of HCC noninvasively (1, 2) . Further, if a definitive diagnosis can be established by means of imaging, clinical practice guidelines do not mandate pathologic confirmation prior to treatment (3) (4) (5) (6) (7) (8) (9) .
Since 2001, numerous international scientific organizations and societies have proposed imaging-based systems for the diagnosis of HCC (10) . Over time, these diagnostic systems have grown in sophistication and rigor, incorporating combinations of imaging features on various modalities into diagnostic algorithms. Despite their advancement over the years, these imaging-based diagnostic systems have some persistent limitations and inconsistencies.
In 2008, the American College of Radiology convened a committee to REVIEW: LI-RADS Major Features for Hepatocellular Carcinoma Diagnosis Tang et al (overtly malignant) HCC, they develop high arterial flow due to angiogenesis and formation of nontriadal or unpaired neoarteries (15) . The formation of neoarteries and the accompanying high arterial flow manifests as APHE at dynamic imaging.
Evidence.-The search query identified 342 studies. After reviewing the abstracts, 18 studies were considered relevant and the full text of each was reviewed. Among the included studies, 14 were retrospective and four were prospective.
Six studies reported that APHE is more sensitive than other dynamic contrast enhancement features (eg, washout appearance, capsule appearance) for diagnosis of progressed (ie, malignant neoplasm with ability to invade vessels and metastasize) HCC, with reported sensitivities ranging from 65% to 96% (17) (18) (19) (20) (21) (22) . Because of its high reported sensitivity for progressed HCC, APHE has been included in virtually all imaging algorithms for HCC. The majority of diagnostic studies listed in Table 1 were retrospective, however, and are prone to incorporation and verification bias. As a result, the performance reported in the radiology literature for APHE for detecting progressed HCC may be overestimated. Supporting this supposition, studies using explant pathology have reported a lower overall sensitivity of 74%, ranging from 43% to 53% for lesions smaller than 1 cm (23,24). Studies validated by means of explant pathology may reflect more closely the sensitivity for detecting HCC as they are less confounded by verification bias, although selection bias remains a potential problem. Overcoming selection bias is a persistent challenge for radiology research, as it is neither ethical nor feasible to biopsy all nodules or to explant every liver.
Compared with its sensitivity for progressed HCC, APHE has low sensitivity for early, very well differentiated HCCs due to incomplete neovascularization and for poorly differentiated HCCs due to conversion to glycolytic metabolism and shut down of angiogenesis, but the exact sensitivities in these lesions is unclear (25). evidence supporting inclusion of its assigned feature or feature set. Recommendations then were issued according to the Grades of Recommendation Assessment, Development, and Evaluation (GRADE) system, as this is used by the AASLD for developing its newest clinical practice guidelines (13, 14) . Members of the LI-RADS Evidence Working Group voted independently and were blinded to each other's votes via SurveyMonkey on the quality of evidence and strength of recommendations reported below. The options that gathered the most votes were selected. The GRADE benchmarks and survey results are reported in Appendix E2 (online).
LI-RADS Major Imaging Criteria

Arterial Phase Hyperenhancement
Literature review question.-Should APHE be included as a major imaging criterion for the diagnosis of HCC?
Definition.-In LI-RADS, APHE refers to the presence of non-rimlike enhancement in all or part of an observation in the arterial phase that is unequivocally greater than that of the liver. To qualify, the enhancing portion must have higher intensity (magnetic resonance [MR] imaging) or attenuation (computed tomography [CT]) than background liver in the arterial phase ( Fig 1) . APHE (not rim) must be distinguished from rim APHE, which is a spatially defined subtype of APHE in which arterial phase enhancement is most pronounced in observation periphery. Unlike APHE, which is a major feature of HCC (discussed in this section), rim APHE suggests malignancy other than HCC (discussed in the section on imaging features suggesting malignancy other than HCC).
Biologic basis and rationale.-The biologic basis of APHE as a major feature of HCC is that during hepatocarcinogenesis the intranodular blood supply undergoes characteristic changes that eventually culminate in elevated arterial flow (15, 16) . Initially, precursor nodules such as dysplastic nodules and early HCCs have similar or even lower arterial flow than background liver. As nodules advance to progressed database using the search queries listed in Appendix E1 (online) and without publication date restrictions. Restrictions were applied to only include studies pertaining to humans and published in English.
Inclusion Criteria and Data Extraction
Publications resulting from the searches were assessed by members of each working subgroup. Inclusion was based on title or abstract. Disagreements in the inclusion process were resolved by consensus discussion within each working group. For each LI-RADS major imaging features and imaging features suggesting malignancy other than HCC, the authors reviewed the full-text articles to summarize (a) the biologic basis and rationale, (b) evidence supporting or refuting their continued inclusion, (c) estimates of diagnostic performance or tumor volume doubling time, and (d) knowledge gaps.
Three challenges were encountered by every subgroup in its literature review. One challenge was that source manuscripts used inconsistent terminology. To address terminology differences and achieve internal consistency, the subgroup members in consensus converted the source terms to their closest LI-RADS equivalents. Another challenge was that source manuscripts used different reference standards. Accordingly, each subgroup was instructed to accept composite reference standards-that is, including a combination of follow-up imaging and pathology, even if the details varied across studies. A third challenge was that most studies reported the performance of features in a limited number of combinations. The combinations were not consistent across studies, it was not possible to extract the performance of individual features, and not all possible feature combinations were analyzed. For many manuscripts, moreover, the rationale for selecting particular feature combinations was not provided, including whether the combinations were selected a priori or only after data analysis.
Quality Assessment
Based on its review, each subgroup summarized and assessed the quality of the
REVIEW: LI-RADS Major Features for Hepatocellular Carcinoma Diagnosis
Tang et al Definition.-In LI-RADS, diameter is defined as the largest dimension from outer edge to outer edge of an observation ( Fig 2) . LI-RADS currently uses two diameter thresholds to stratify the risk of HCC: 10 and 20 mm. While many publications have classified observations by size qualitatively (eg, "small" HCC), the qualitative meanings have evolved in parallel with improvements in imaging technology. HCCs were considered "small" if smaller than 50 mm in the 1980s (39,40), smaller than 30 mm in the following 2 decades (41-45), and smaller than 20 mm in the most recent publications (29, 46, 47) . It is therefore preferable to report observation diameter quantitatively by using a continuous measure or a precisely defined diameter interval rather than use qualitative terms.
Biologic basis and rationale.-It is now well established that in multistep hepatocarcinogenesis, progressively more aggressive clonal cell populations acquire a survival advantage, gradually replace the neighboring cells, and expand to form successively less-differentiated nodules. As shown in numerous pathology studies conducted mainly in the 1980s and 1990s, premalignant nodules rarely grow larger than about 15 mm (48-51). As nodules progress to overt malignancy, agent. According to LI-RADS, APHE may be in whole or in part; the performance of APHE in whole and APHE in part should be investigated independently. The sensitivity and positive predictive value of APHE should be assessed in studies controlling verification and incorporation bias. Prospective studies are needed with inclusion of a suitably large number of representative benign and malignant non-HCC lesions in addition to HCCs spanning the carcinogenesis spectrum. The sensitivity of APHE for early HCC or for some highly aggressive infiltrative HCCs should be clarified. Future research is needed to determine if the diagnosis of HCC in these cases can be established reliably in the absence of APHE. APHE can be missed due to arterial phase mistiming. Research is needed to assess whether emerging high-temporal-resolution MR imaging techniques that improve arterial phase capture increase the sensitivity of APHE for detecting HCC. In the majority of studies, APHE has been assessed on the native contrast-enhanced images rather than subtraction images (38); thus, the incremental value of subtractions is not well understood.
Summary.-APHE is a sensitive imaging feature for progressed HCC in atrisk patients and, in combination with "washout," provides high specificity.
Recommendation: 1. APHE should be a major criterion for the diagnosis of HCC.
Quality of evidence: Moderate. Strength of recommendation: Strong.
Another limitation is that APHE lacks specificity for HCC, as this feature can be present in benign entities such as hemangiomas and perfusion anomalies, premalignant lesions such as dysplastic nodules, and non-HCC malignant lesions such as intrahepatic cholangiocarcinomas (ICCs) (although rim APHE is observed with ICCs). For these reasons, the positive predictive value of APHE is not sufficient for it to be a sole diagnostic imaging criterion for HCC. In studies that have included lesions other than HCC, the positive predictive value of APHE ranges 65%-81% (22,26-28), indicating that a meaningful number of observations with APHE are not HCC.
Combining APHE and "washout" increases specificity for the diagnosis of HCC (26). Many studies have shown high specificities and positive predictive value, varying from 81% to 100% and from 87% to 100%, respectively, with acceptable sensitivities, varying from 43% to 98%, when liver nodules demonstrated both APHE and washout (21,22,29-31). However, this increase in specificity is associated with a reduction in sensitivity, especially in smallersized lesions, where washout is less pronounced and APHE may be the only major feature present (22, 29, 30, 32) .
Knowledge gaps.-APHE has been included in virtually all imaging algorithms for HCC (4, 11, (33) (34) (35) (36) (37) . Nevertheless, further research is necessary to evaluate diagnostic performance of APHE according to cirrhosis severity, imaging modality, and type of contrast 
Tang et al anatomic distortion. Since the apparent diameter in the arterial phase may be affected by the exact timing of image acquisition and perilesional enhancement, LI-RADS recommends diameter measurement in nonarterial phases whenever possible, even though this does not affect reader agreement as shown by Davenport et al (66) . By comparison, the OPTN/UNOS guidelines require that diameter be measured in the arterial phase, despite the potential for timing-related variability. Scientific evidence is lacking for recommending a particular sequence, phase, and imaging plane for measuring observation diameter. Further research is needed to systematically assess sources of variability-including imaging modality, imaging phase, imaging technique, type of contrast agent, and reader-in measuring observation diameter without prior selection of image on which measurement should be performed. Research is also needed to assess the impact on observation diameter measurement of multiarterial phase acquisitions by using emerging high-temporal-resolution techniques (70, 71) . These knowledge gaps also apply to threshold growth as discussed below. In 2005, the AASLD selected thresholds of 10 and 20 mm, and these were subsequently adopted by other organizations (10) . Further research is needed to determine if these thresholds should be modified. As technology advances, the ability to characterize smaller nodules improves. Hence, it is plausible that smaller thresholds may maintain similar specificity while improving sensitivity.
Summary.-Larger observation diameter is a predictor of malignancy and facilitates noninvasive imaging diagnosis of HCC in at-risk patients.
Recommendation: 2a. Observation diameter thresholds of 10 mm and 20 mm should be a major criterion for the diagnosis of HCC.
Quality of evidence: Moderate. Strength of recommendation: Strong. 2b. Observation diameter should be measured on the sequence or phase in which the margins are most sharply demarcated and in which there is no anatomic distortion. livers showed lower false-positive rates with increasingly larger size stratification thresholds: 10 mm or less versus 20 mm or less versus 30 mm or less versus greater than 30 mm (60). Since both sensitivity and specificity tend to be higher for larger lesions, overall diagnostic accuracy tends to be better (58,63). Higher areas under the receiver operating characteristic curves have been achieved for diagnosis of HCCs of all size than for tumors 15 mm or smaller (63).
Six articles relevant to question 2b were identified (64-69). No article assessed the accuracy of imaging phase or sequence for measuring diameter, since there is no valid method for establishing the reference value in vivo. Instead, studies have examined interreader agreement on assessment of observation diameter (64-68). These studies report near-perfect agreement on observation diameter, with intraclass correlation coefficients between 0.94 and 0.98 for repeatability of observation diameter between dynamic imaging phases (66) and k of 0.99 for agreement on the vascular phase that best demonstrated the observation (65, 67) . However, these studies relied on an observation atlas depicting individual observations (66) or on the single series that provided the best visualization (65, 67) . Among those studies, only one analyzed the effect of vascular phase on reader agreement: Davenport et al (66) found that the agreement was consistent across all vascular phases in which an observation was visible and that no vascular phase provided significantly higher agreement. No study has assessed the effect of imaging sequence on diameter agreement.
Knowledge gaps.-Despite the importance of nodule diameter, most publications in the radiology literature, even those that have assessed the diagnostic value of diameter, have not described how nodules were measured, leaving the definition of this critical feature ambiguous. To address this ambiguity, LI-RADS has provided a precise definition of diameter and advocates measuring observation diameter on the sequence, phase, and imaging plane in which the margins are most sharply demarcated and in which there is no cellular proliferation increases and the nodules may grow to larger sizes. Thus, nonmalignant regenerative and dysplastic nodules typically are smaller than 15 mm and rarely exceed 20 mm. By comparison, HCCs may span a wide spectrum of size from tiny to massive.
Evidence.-The search query identified 247 studies for question 2a. After reviewing the abstracts, 31 were considered relevant and the ful l text of each was reviewed. Among the included studies, 26 were retrospective and five were prospective.
All included imaging studies showed an association between nodule diameter and HCC likelihood in at-risk patients. The relationship between diameter and HCC likelihood was observed regardless of the applied stratification threshold (nodules  10 mm versus 11-20 mm [49], , 10 mm versus 10-15 mm versus 16-20 mm [29], , 13 mm versus  13 mm [52], and 10-20 mm versus 20-30 mm [53]) and regardless of the reference standard (histopathologic evaluation alone [49] , changes at follow-up imaging [52], or composite [29, 53] ).
In addition to its biologic basis, size contributes to the diagnosis of HCC due to a technical consideration: larger observations are easier to detect and characterize with imaging techniques, thus reducing both false-negative and false-positive results. Several studies have shown higher sensitivity with larger observation diameters for different size stratification thresholds: (, 10 mm versus 11-20 mm [49], , 10 mm versus 10-20 mm versus  20 mm [54,55], , 20 mm versus  20 mm [56-59]). This has been shown in the setting of single-center studies (49,54,56,57) and in meta-analyses (55,58,59) of diagnostic test accuracy. Similarly, studies have reported either an increase in specificity (60) or similar specificity (57,61) with larger observation size. A meta-analysis by Chou et al has found increases in pooled specificity from 86% to 90% with CT and from 95% to 98% with MR imaging for observations 10-20 mm versus greater than 20 mm (62). In 102 patients undergoing liver transplantation based on clinical and radiologic findings, pathologic examination of the explanted Definition.-In LI-RADS, washout appearance or "washout" is defined as a dual concept that includes (a) visually assessed temporal reduction in enhancement relative to liver from an earlier to a later phase resulting in (b) extracellular phase hypoenhancement relative to the background liver (Fig 3) . The extracellular phase is the phase in which liver enhancement is attributable mainly to extracellular distribution of a contrast agent. Operationally, this refers to the portal venous phase and the 3-to 5 
Washout Appearance
Literature review question.-Should "washout" be included as a major imaging criterion for the diagnosis of HCC? With one exception, all included studies defined "washout" subjectively. A prospective study by Liu et al evaluated an objective method of quantifying "washout" at multiphasic CT. These authors reported that a percentage attenuation ratio of 107 or greater yielded a sensitivity, specificity, and positive and negative predictive values of 100%, 75.8%, 63.6%, and 100%, respectively, for characterization of washout, with histopathologic findings on explanted livers used as the reference standard (74) . Their results revealed that while quantitative assessment of washout showed better sensitivity than qualitative assessment, this improvement is obtained at the expense of a higher number of false-positive findings (74) . A recent retrospective study by Sofue et al showed that a lesion-to-liver signal intensity ratio of 0.88 at MR imaging correlated most strongly with readers' visual interpretation of washout (68) .
Less is known about the characterization of washout with hepatobiliary agents. Although some studies have shown that transitional phase hypointensity is strongly predictive of HCCs (75) (76) (77) , LI-RADS requires that "washout" after gadoxetate disodium injection be assessed in the portal venous phase, prior to the transitional or hepatobiliary phases. Due to rapid uptake of the agent by background hepatocytes, the liver is substantially enhanced in the transitional and hepatobiliary phases. As a result, relative hypointensity of an if intrinsic hypoattenuation or hypointensity is contributory.
Evidence.-The search query identified 135 studies. After reviewing the abstracts, 25 studies were considered relevant and the full text of each reviewed. Among the included studies, 18 were retrospective and seven were prospective.
Included studies reported the diagnostic performance of "washout" by using histopathologic evaluation alone or a combination of histopathologic evaluation and follow-up imaging, as reference standards. These studies did not attempt to distinguish the factors underlying the perception of "washout" (eg, nodule de-enhancement, parenchymal hyperenhancement, optical illusion), Most studies were single center, had limited sample sizes (64-159 patients, 50-159 individual lesions), and assessed the combination of "washout" and APHE, rather than "washout" alone, as a criterion for HCC. Table 2 summarizes the diagnostic performance of washout appearance alone and Table 3 the combination of APHE and "washout." Two prospective studies compared the diagnostic performance of "washout" alone with that of combined "washout" and APHE and found "washout" alone to have lower specificity and positive predictive value (21,22).
Using extracellular agents, "washout" may be perceived during the portal venous phase or delayed venous phases. However, three included studies showed greater perceptibility of this feature in the delayed phase (22,30,73). Luca et al reported a 59% increase in HCC detection by using the delayed only a portion of the observation shows APHE, the component with washout does not need to correspond to the component that demonstrates APHE, however the component does need to enhance from earlier to later phase for this feature to be present. LI-RADS advocates the terms washout appearance or "washout" (with quotes) over washout (without quotes), because-as discussed below-washout appearance relies on subjective perception which may be an optical illusion, rather than representing true washout.
Biologic basis and rationale.-"Washout" is considered a strong predictor and major criterion of HCC for most imaging algorithms (4,10-12,36). The visual perception of washout can result from true de-enhancement of a nodule, greater enhancement of the surrounding liver, or a combination of both factors. These in turn have been attributed to diminished portal venous blood supply, high tumoral cellularity with associated small extracellular volume (15, 16, 72) , and expanded extracellular space of the surrounding fibrotic liver. Additionally, the concomitant presence of capsule appearance may produce an optical illusion of "washout" not confirmed by objective measurement of signal intensity (68) . Finally, intrinsic hypoattenuation or hypointensity before contrast agent injection may contribute to the perception of "washout." Based on current knowledge, washout appearance should be considered absent if its perception is due entirely to optical illusion from the enhancing capsule (68) . On the other hand, washout appearance should be considered present even (Fig 4) . The rim of enhancement does not always represent a true tumor capsule and may instead represent a pseudocapsule, thought to result from perilesional compressed liver tissue. The distinction between true tumor capsule and pseudocapsule cannot be made definitely by imaging (78), but only at pathologic evaluation (78) (79) (80) (81) (82) . This is why LI-RADS favors the terms "capsule" or capsule appearance. Importantly, capsule appearance is recognized as a major feature of HCC by the OPTN/UNOS guidelines (11) but not the AASLD guidelines (4) . Biologic basis and rationale.-Capsule formation is a characteristic histopathologic feature of progressed HCCs with expansile growth (78) . By comparison, capsule formation is rare in early, very well-differentiated HCCs and in infiltrative, poorly differentiated HCCs, and it does not occur with ICC (83) . The capsule appearance on images does not necessarily represent a true fibrous capsule but may comprise specificity of "washout" characterized with CT and MR imaging in the same subjects is not well known. Hence, further research is necessary to evaluate diagnostic performance of "washout" according to cirrhosis severity, imaging modality, and type of contrast agent. Additionally, the diagnostic potential of quantitative determination of true washout, via subtraction images or region of interest measurements at different time points, remains to be determined.
Summary.-Washout appearance, in combination with APHE, provides high positive predictive value for HCC in at-risk patients.
Recommendation:
3. "Washout" should be included as a major imaging criterion for the diagnosis of HCC.
Capsule Appearance
Literature review question.-In at-risk patients, should capsule appearance be included as a major imaging criterion for the diagnosis of HCC?
Definition.-Capsule appearance is defined as a smooth, uniform, sharp border around most or all of an observation in these phases may reflect rapid drainage of contrast material, lack of functional hepatocytes relative to background liver, or a combination of the two (63). For these reasons, transitional phase hypointensity is not specific for HCC, even in combination with APHE, and it can be seen with hemangiomas, non-HCC malignancies, some dysplastic nodules, siderotic nodules, and other benign entities. A recent study confirmed that transitional phase hypointensity can lead to false-positive interpretations and hence lower specificity for the diagnosis of HCC (77) . Given its lack of specificity, transitional phase hypointensity does not have the same diagnostic implication as "washout" and does not constitute a major feature in LI-RADS.
Knowledge gaps.-"Washout" relies on the apparent relative hypoenhancement of HCC compared with progressively enhancing adjacent liver parenchyma during extracellular phase imaging. However, in patients with advanced cirrhosis, the liver parenchyma may have altered enhancement dynamics. In such cases, liver heterogeneity may obscure small areas of "washout." Also, the relative sensitivity and Both included studies were singlecenter studies, one prospective and the other retrospective, and each evaluated the imaging diagnostic performance of capsule appearance (22,56) as summarized in Table 4 .
"capsules" were true-negative) respectively, with an accuracy of 83.0% (88 of 106).
Histologic studies (84, 85) have demonstrated that the "capsule" derives its blood supply primarily from the portal venous system, which may in part account for the delayed "capsule" enhancement on portal venous phase images. The fibrous and/ or prominent sinusoidal components of the "capsule," with their expanded extracellular space, likely contribute to fibrous tissue (collagen), prominent sinusoids, and/or compressed liver parenchyma at histopathologic examination (78) (79) (80) (81) (82) . In a radiology-pathology study by Ishigami et al (78) 15 of 106 of HCCs (14.2%) had a capsule appearance at imaging that did not correlate to a true fibrous capsule at histopathologic examination. In this study, the sensitivity and specificity of MR imaging in the diagnosis of histologic fibrous capsule was 94.0% (47 of 50 "capsules" were true-positive) and 73.2% (41 of 56 Definition.-In LI-RADS, threshold growth refers to increase in diameter of a mass compared with its baseline by a minimum of 5 mm and by at least 50% diameter increase if time interval is less than 6 months or by at least 100% diameter increase if more than 6 months. In addition, a new mass measuring at least 10 mm also represents threshold growth, regardless of the time interval (89) . Definitions of threshold growth are illustrated in Figure 5 . While arbitrary, the LI-RADS definition of threshold growth was dictated by the need for congruency with the OPTN/UNOS definition which requires "50% or larger in diameter increase on a CT scan or MR image obtained 6 months or less apart and that measures at least 10 mm at the time of diagnosis" (90) . The "100% diameter increase if more than 6 months" was introduced by LI-RADS and based on expert opinion to address cases in overall imaging diagnostic sensitivity. In addition, capsule appearance has a relatively low frequency in observations 2 cm or smaller. As the study was restricted to sonographically detected HCCs, however, the generalizability of the results to all HCCs is unclear.
Although not identified in the formal search, three additional studies suggest that the presence of capsule appearance can help reduce the risk of mistaking small HCCs for ICCs (86) (87) (88) .
Knowledge gaps.-Published studies have assessed capsule appearance on portal venous or delayed images and not on images obtained with other sequences. Future research is necessary to assess capsule appearance with other sequences, including T2-weighted images and the transitional and hepatobiliary phases of imaging performed with hepatobiliary agents. Further research is also needed to determine the incremental diagnostic value of "capsule" in addition to APHE and "washout," and its utility as a diagnostic criterion in observations smaller than 2 cm given its low sensitivity below this size threshold.
A recent article has shown that, in some cases, the presence of a capsule creates the visual perception of washout, even when a mass is not hypointense to background liver (68) . Because this was an unrecognized phenomenon until recently, some prior studies may have failed to distinguish washout appearance from the optical illusion of washout created by an enhancing capsule. Further quantitative studies will be required to define an objective measure of "washout."
Summary.-Based on limited evidence, capsule appearance provides high specificity for HCC at-risk patients. Capsule appearance is a recognized Khan et al (56) retrospectively assessed the diagnostic utility of capsule appearance as an indicator of HCC in arterially enhancing nodules 5 cm or smaller in cirrhotic liver. The study population included 80 patients with 116 nodules, 74 of which were HCC. Biopsy, explant correlation, and/or follow-up imaging were the reference standard. The sensitivity and specificity of capsule appearance for the diagnosis of HCC were, respectively, 55% and 83% for nodules smaller than 2 cm, 75% and 100% for nodules 2-5 cm, and 64% and 86% for nodules  5 cm. In general, capsule appearance had a slightly higher sensitivity but similar specificity to washout appearance. This study suggested that capsule appearance is a predictor of HCC, which, as a standalone feature or in combination with size ( 2 cm), may be a better predictor of HCC than washout appearance alone. Rimola et al (22) prospectively assessed the diagnostic accuracy of capsule appearance in HCC nodules 2 cm or smaller. The study population included 159 patients in an U.S.-based surveillance program with 159 sonographically detected nodules, 103 of which were HCC measuring 9-32 mm in size. Biopsy or follow-up imaging was the reference standard. Capsule appearance had a sensitivity and specificity of 42% and 96%, respectively, which was very similar to the sensitivity and specificity of "typical vascular pattern" of HCCs of APHE with "washout" (sensitivity: 58%, specificity: 96%). This study demonstrated that capsule appearance is specific for HCC in lesions 2 cm or smaller, but its overlap with the "typical vascular pattern" of HCC limits its incremental value in (93) to as high as several years (94, 95) . The median TVDT in untreated primary HCCs is 178 days, while the median TVDT of recurrent HCCs after localregional treatment is 82 days (96) . Well-differentiated HCCs tend to be slow growing, whereas moderately and poorly differentiated HCCs are fast growing, although there is overlap in the reported TVDTs of HCCs with varying degrees of differentiation (93, 97, 98) . Imaging features associated with shorter TVDT include APHE (92,99-101), presence of "washout" (100,102), T2 hyperintensity (99) , and diameter less than 1 cm at baseline (94, 103) .
The TVDT of ICC in cirrhosis is unknown. In the noncirrhotic liver, it has been reported as 70 days (range, 15 to 512 days) in one study (104) .
No included studies provided data on the TVDT of benign or premalignant lesions in the cirrhotic liver. The TVDT of hemangiomas in the noncirrhotic 40 were retrospective and two were prospective. Figure 6 summarizes data from retrospective studies reporting TVDT of HCCs. The natural history of HCC growth has been documented in untreated patients, who were either poor surgical candidates or have refused treatment, retrospectively when prior examinations were false-negative (86), or in treated patients with tumor recurrence. Additionally, as the growth rate of HCC varies according to its degree of differentiation and vascularization, reported TVDTs depend in part on the criteria used for tumor detection and diagnosis. Hence, the reported TVDTs may not represent those of treatment-naive HCCs eligible for curative therapy and may depend in part on study design and applied imaging technology.
Accounting for these methodological limitations, the available evidence reveals that HCCs exhibit a broad range which the time interval between examinations exceeds 6 months (89) .
Biologic basis and rationale.-Growth is an indicator of malignancy and, while not specific to HCC, has been studied widely in HCC (91) . Measuring maximum tumor diameter on at least two serial studies assesses its doubling time. Physiologically, tumor volume doubling time (TVDT) is an indicator of the biologic potential of a tumor and its blood supply (92) . While benign lesions tend to remain stable or grow slowly over time, malignant tumors grow more rapidly. Further, TVDT reflects the degree of differentiation of malignant tumors, as well-differentiated HCCs tend to grow more slowly than moderately and poorly differentiated HCCs.
Evidence.-The search query identified 297 studies. After reviewing the abstracts, 42 studies were considered relevant and the full text of each was reviewed. Among the included studies, : Schematic illustrates the three LI-RADS definitions of threshold growth: increase in diameter of a mass compared with its baseline by a minimum of 5 mm and by at least 50% diameter increase if time interval is less than 6 months (top row) or by at least 100% diameter increase if more than 6 months (middle row). In addition, a new mass measuring at least 10 mm that was previously unseen within the last 24 months also represents threshold growth (bottom row). LI-RADS schematic reproduced with permission from the American College of Radiology.
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Tang et al dysplastic nodules), and other malignant tumors (eg, ICC). A limitation of growth as a diagnostic criterion is that its diagnostic performance for the diagnosis of HCC has not been assessed prospectively. Doing so would require further validation in a representative sample of untreated observations with imaging features diagnostic of HCC. However, because of the availability of curative and palliative treatment options for HCC, it would be unethical to prospectively assess the diagnostic accuracy of growth thresholds while withholding are associated with capsular retraction (108) . Thus, in the setting of cirrhosis, a growing mass is highly unlikely to be a hemangioma.
Knowledge gaps.-The effect of antiviral and antifibrotic therapy on the TVDT of HCC is unknown.
Despite reports on HCC TVDT, there is a lack of data on the TVDT of non-HCC observations in cirrhosis. Further research is required to determine whether specific growth thresholds may permit differentiation of HCCs from benign (eg, cirrhosis associated nodules), premalignant (eg, liver ranges from 17 to 178 months (105, 106) . Hemangiomas are uncommon in livers with advanced cirrhosis, however, with a large series showing hemangiomas in only nine of 508 explanted livers (1.7%) (107). Although the low prevalence of these lesions in cirrhosis is not entirely understood, the aforementioned study reported areas of fibrosis surrounding the nine hemangiomas at pathologic examination, suggesting they are obliterated by cirrhotic scarring. With progressive fibrosis, hemangiomas in cirrhotic livers frequently become smaller and 
Tang et al rimlike APHE is the most commonly reported among the included studies, being present in 50%-84% of reported lesions, depending on the study. As mentioned above, rimlike APHE suggests malignancy other than HCC whereas APHE not limited to a rim favors HCC. At portal venous and delayed phase imaging with extracellular agents, a pattern of delayed or progressive central enhancement emerges was reported in 42%-96% of lesions. A targetoid pattern characterized by rimlike or peripheral APHE and progressive delayed central enhancement may depend on lesion size. Small ICC (, 3 cm) may not display this pattern, and differentiation from HCC can be challenging (116) . Washout appearance is less well described and presents an added challenge in deciphering the literature. Few authors made a distinction between peripheral and nonperipheral "washout" patterns. Additionally, with gadoxetate disodiumenhanced MR imaging, distinction between "washout appearance" assessed on the portal venous phase images from hypointensity in the transitional or hepatobiliary phases is not always made clear in the publication (113, 114) . Despite these potential confounding factors, "washout" is described in a minority (4%-6%) of cases with ICC (113) (114) (115) . Capsule appearance is even less commonly described for ICC (87) , which is not surprising since ICCs do not have true tumor capsules pathologically.
Other ancillary features associated with ICC include hepatic capsular retraction, peripheral biliary duct dilation, central T2 hypointensity, and target appearance on diffusion-weighted images (113) (114) (115) (117) (118) (119) (120) .
While there is ample evidence supporting the classic imaging features of ICC, few studies test the ability of these features to help differentiate ICC from HCC, and fewer studies focus on these lesions in patients with defined risk factors or cirrhosis (ie, the LI-RADS population) (87, 116, 117, 119, (121) (122) (123) . The studies that have attempted to determine the discriminatory power of diagnostic imaging for differentiating HCC from ICC have focused on atypical HCC in the comparator group. Despite these ICC) or lack imaging features that are sufficiently specific for HCC. LR-M observations may still be HCC, but may also represent other malignancies, such as ICC, hepatocholangiocarcinomas, or metastases.
Biologic basis and rationale.-The most common malignancy other than HCC in the setting of chronic liver disease is ICC. Compared with HCCs, ICCs tend to be more cellular and vascular at their periphery while having a more fibrotic and watery stroma centrally. This concentric histologic structure accounts for the characteristic "targetoid" enhancement pattern of these lesions: APHE of the vascularized periphery, creating a rimlike pattern; subsequent wash out appearance of the lesion periphery; and delayed or progressive contrast agent accumulation centrally within the watery stroma. Similarly, a targetoid pattern has been described on diffusion weighted images: The outer cellular zone tends to demonstrate more diffusion restriction than the central more watery core. A targetoid pattern may be present in the hepatobiliary phase with hepatobiliary contrast agents: central mild retention of contrast material, thought to be due to trapping of contrast materialin the fibrotic stroma, in combination with lack of retention in the cholangiocellular periphery.
Hepatocholangiocarcinomas are rare primary "biphenotypic" hepatic malignancies that may show features overlapping HCC and ICC (109) . Some authors suggest that the imaging features more closely resemble those of ICC and that prospective differentiation of ICC from a combined tumor can be difficult (109) (110) (111) .
Evidence.-The search query identified 19 studies. After reviewing the abstracts, all these studies were considered relevant and the full text of each was reviewed. All the included studies were retrospective.
Four included studies described the dynamic postcontrast imaging features of ICC on CT and MR images with extracellular and hepatobiliary contrast agents (112) (113) (114) (115) . While there are varying descriptions of APHE patterns, treatment. Determination of growth rate by retrospective detection on prior false-negative images (86) introduces substantial selection bias, likely favoring well-differentiated tumors that have less obvious imaging features. Hence, the evidence in favor of tumor growth is likely to remain indirect, based on observational studies. The knowledge gaps listed above regarding observation diameter are also applicable to threshold growth. Cross-modality comparisons between CT and MR imaging may introduce a source of measurement variability in addition to those related to sequence, phase, and imaging plan.
Summary.-Although prospectively validated estimates of diagnostic accuracy are lacking, indirect evidence and biologic plausibility indicate that growth is a feature of malignancy and helps to differentiate HCC from benign entities. Growth is not specific for HCC, however, and there is no evidence or plausible basis to suggest that it can differentiate HCC from non-HCC malignancies.
Recommendation to the higher pretest probability of HCC in at-risk patients, but this is unknown and needs further study.
In regard to hepatocholangiocarcinomas, the optimal management and prognosis are not well known. While resection appears to offer the best survival advantage in most patients, transplantation and hepatic-directed therapies have been suggested as alternative options in patients who cannot undergo resection due to underlying liver disease. The AASLD and the OPTN/UNOS do not currently provide guidance on the diagnosis or transplant eligibility of these patients.
Summary.-Emerging evidence suggests that a targetoid imaging appearance at dynamic imaging, diffusionweighted imaging, and hepatobiliary phase imaging suggests the possibility of ICC or hepatocholangiocarcinoma. The targetoid appearance may be attributable the concentric structure typical of ICC pathologically, with cellular and vascular elements in the periphery and stromal fibrosis in the center.
6. LR-M should be chosen over other LI-RADS categories when an observation has a targetoid imaging appearance-characterized by one or more of the following: rim APHE, delayed central enhancement, target appearance at hepatobiliary phase imaging, target appearance at diffusion-weighted imaging-and no imaging features indicating hepatocellular origin.
Quality of evidence: Moderate. Strength of recommendation in favor of diagnostic criterion: Strong.
Conclusion
Unlike other cancers, the definitive diagnosis and staging of HCC is frequently based on imaging without mandatory histopathologic confirmation. The aim of imaging-based diagnostic criteria is to achieve near-100% specificity for the noninvasive diagnosis of HCC.
LI-RADS major imaging criteria currently include APHE, observation diameter, "washout," "capsule," and threshold growth. In this review article, we summarized the evidence, assessed limitations, target appearance on hepatobiliary phase images and presence of rimlike APHE and peripheral "washout" may help differentiate ICC from HCC (113, 117) .
To date, only a few publications have described the imaging appearance of hepatocholangiocarcinomas. The evolving pathologic definition of this tumor type and the inconsistent use of radiologic terminology to describe it limits the conclusions that can be drawn. A majority of cases report rim APHE with washout appearance in the periphery (86, 110, 120, (124) (125) (126) (127) (128) (129) (130) .
In combination with delayed central enhancement (110, 128) , these imaging features are similar to ICC described above. Rarely, these tumors may display features of HCC, including diffuse APHE and nonperipheral washout appearance, or have both HCC and ICC features (124, 129, 130) . The preponderance of HCC or ICC imaging features may correspond to lesional pathologic features (124, 129) . Unlike HCC, these tumors frequently arise in patients without cirrhosis or known risk factors for HCC (110, 127, 130) .
Knowledge gaps.-A number of studies have described the appearance of ICC in both cirrhotic and noncirrhotic patients, with or without hepatitis or other risk factors for HCC. However, most of these studies have not explicitly separated the appearance of ICC in patients with from those without chronic liver disease or risk factors for HCC (86, 113, 117, 119, 122) . It is not known whether ICCs arising in the setting of chronic liver disease and cirrhosis have a similar imaging appearance to those arising in absence of risk factors. Additionally, some prior literature did not clearly separate intrahepatic from periductal infiltrating cholangiocarcinomas.
Given the rarity of non-HCC malignancies and relative absence of predictable risk factors for mass-forming ICC, all of the current evidence is retrospective and comprises single-center experiences. No prospective data are available to better quantify the diagnostic accuracy of the above described imaging features. It is believed that many, if not most, observations categorized as LR-M are probably atypical HCCs due 
